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1.Background and objectives of the study
 
Surface water and groundwater polution caused by the inflow of acid water containing
 
heavy metals has become serious environmental issues at excavation sites in recent years.In
 
water-rock interactions,acid water drainage is caused by the oxidation of pyrite and the other
 
sulfide minerals leading to the generation of sulfate and hydrogen ions.The sulfides react
 
with the oxygen contained in groundwater and/or rainwater.Little attention of the reaction
 
has been given in past construction works.The 26.5 km-long Hakkoda Tunnel excavation for
 
the Tohoku Shinkansen produced large amount of waste rock.Altered rocks related to
 
mineralization had been found in the area of the tunnel.The objectives of this study are to
 
develop and propose reliable and economical methods for identifying mineralized waste rock
 
rapidly and for properly managing and disposing these rocks so as to prevent discharge of acid
 
water without hindering the tunnel construction activities.Therefore the properties of the
 
leachate from various rocks in the vicinity of the tunnel were clarified during the construction
 
of the Tunnel.
2.The studies during the project planning phase
 
Long-term exposure experiments of representative mineralized rocks which would be
 
expected to excavate during the construction at the sites and simplified batch leaching tests
 
using the samples taken from the cores by shalow driling below the surface were carried out
 
in order to understand the leaching properties of mineralized rock and to determine the most
 
effective method of disposal.The results showed that seepage through the rock with sulfur
 
content more than 2wt% was acidified and had heavy metal concentration above the standards
 
of Water Polution Control Law and that the pH of the leachate(10-minute leaching)was
 
expected to be an important index of acidification.The results of long-term exposure
 
experiments showed that managing the mineralized rock is more appropriate than the neutrali-
zation by crushed limestone.
3.The studies on the classification of waste rock to be managed
 
Batch-leaching tests as wel as chemical analysis and magnetism measurement were
 
carried out for rock samples colected from the tunnel face during the early phase of construc-
tion.The folowing classifications of the waste rock to be managed were developed based on
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the result of the above measurements.i)Naked eye observation:Wastes with observable
 
ore-mineral veins needs to be managed.i)Sulfur content:Igneous and pyroclastic rocks
 
with sulfur content more than 2.0wt% need to be managed.ii)Magnetism:Rock with less
 
than 50×10??emu/cm?of magnetic susceptibility needs to be managed.iv)Batch leaching
 
tests:Rock that has the leachate of pH below 6.0 after one-hour mixing needs to be managed,
because the leachate was expected to be acidic after 56 days.v)S/Ca mol ratio:Mudstone
 
with sulfur content more than 2.0wt%,or S/Ca mol ratio more 1.0 needs to be managed,
because the leachate of mudstone with higher S/Ca mol ratio became acidic.vi)Heavy metal
 
content:Rock that has the leachate with heavy metal concentration above the standards of
 
Soil Polution Countermeasures Law needs be managed.The above requirements enabled the
 
identification and separation of rock to be managed within 24 hours after excavation,without
 
hindering the tunnel construction activities.
4.The studies on validity of the classification
 
The above requirements for identifying of mineralized rock were verified by batch leaching
 
tests using the samples colected during excavation of the tunnel and by the analyzed data of
 
discharged water from the ordinary and managed waste rock disposal site.
1)The additional requirements for igneous rocks and pyroclastic rocks
 
Although the threshold value of 2wt% S was valid for separating mineralized waste rock
 
from the most parts of the excavated rock,the leachate from waste rock with sulfur content
 
below the threshold was acidic in the parts of an intense hydrothermal alteration.Thus the
 
requirements of S/Ca mol ratio was also introduced such rocks,similarly to the case of
 
mudstones.
2)Contribution of each requirement
 
In the case of mudstones,the requirement of S/Ca mol ratio was the most effective.In
 
cases of igneous and pyroclastic rocks,the requirement of S content was the most effective
 
although the requirement of heavy metal content and S/Ca mol ratio were taken into account.
3)Verification of requirements
 
In the case of mudstones,al of the rock that should be managed was properly managed,
although in case of rocks except mudstones,there were some exceptions.The SO???concen-
trations of the drainage from the managed waste rock disposal sites were higher than those
 
from the ordinary disposal sites.Heavy metal concentrations of the drainage from the
 
ordinary waste rock disposal sites were much lower.These results indicate that the proposed
 
method of wastes was adequate.
5.Proposal for future tunnel excavations
 
The result of this study shows that the tunnel that generate large amount of mineralized
 
waste rocks can be reasonably managed by considering the requirements proposed here.
Proposal for similar tunnel excavations based on this study are as folows.
1)Investigation in the project planning(or routes selecting)phase
 
i)Literature review and surface geological survey:Basic geological information,such as
 
geological structure,closed mine and existence of ore-mineral veins,should be understood by
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literature review and investigation of surface geological survey.i)Drilings from the sur-
face:With the core samples,heavy metal content and probability of discharge of acidic water
 
should be analyzed.
2)Investigation in the excavation planning phase
 
i)Advancing horizontal drilings:For sampling typical rocks,horizontal drilings covering
 
the whole tunnel length ahead of excavation should be carried out in the vicinity.i)Separa-
tion of waste rock:By the analyses of the core samples,heavy metal content,and leaching
 
behavior,and probability of acidification of the leachate should be understood,and the amount
 
of waste rock to be managed should be estimated.
3)Investigation during the tunnel excavation
 
i)Cutting face observation by the mining and geological engineer:The comparison of the
 
rock samples colected from horizontal drilings with the observation of the cutting face should
 
be conducted by a expert engineer at least once a day.i)Monitoring the drainage from waste
 
disposal sites:The drainage from both waste disposal sites to be managed and ordinary waste
 
disposal sites should be monitored to observe the water quality of the effluent during construc-
tion and a certain period after completion of tunnel.
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